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"U.S. Patent Nos. 3,462,30% to Wilson and 3,481,790 t~ Dudz.

Attorney Docket No. 79828

A MAGNESIUM ANODE, SEAWATER/ACID,/CATHOLYTE

ELECTRODE UTILIZING A PALLADIUM AND IRIDIUM

CARBON PAPER CATHODE ELECTROCHEMICAL SYSTEM

STATEMENT OF GOVERNMENT INTEREST

The invention descriked herein mav be manufactured and used
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by cr for the Government cI the United States of America

Governmental purposes withcut the payment of anv rovalt
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thereon cor therefor.

BACKGZCYD OF THE INVENTICHN

(1) ~Field of the Inventiocn

The present inventicr relates to a new electrochamical
System based on a magnesium ancde and an electrocazzlvst <f
pallacdium and iridium cata./zed on carbon paper.

(2) Cescription of the Ericr Lr

ct

“agnesium seawater kz:iteries have been successiully
demonstrated whereby oxygen saturated in the seawater eleczrolyte
is reduced on a catalytic cathode surface oppcsite a magrnesium

anode. Early magnesium seawater battery systems are shown -n

Magnesium seawater battery systems generally are highly
Znergy dense systems due t- the fact that there is rns sodiun

nydrozide required, greatly reduring the system's weiqght.



¢

5,

0

} b Py [
o tn {

)
o

Vo
W

Ny
)

N
v

Howevel, limited oxvgen availability limits specific energies to
220 watt hr 'kgm.

Other magnesium-seawater batteries have been develcped, all
of which include sclid electrodes, including silver chloride,
cuprous chloride, lead chlcride, cuprous iodide, cuprous
thiocvanate, and manganese dioxide.

Testing has been acccmplished with a magnesium anode in a
seawater/hydrogen peroxide electrolyte as oppcsed to
electrocatalysts of silver foil or planar nickel foil catzliyzed
with palladium and iridium. All testing was cerformec in neutral
media. The reducticn of the hydrogen peroxide tock place at the

electrocatalytic surface. Cell voltages cf 1.1
observed at an applied current density of 25 m&'cm fcr thase
tests with durations up tc sixty minutes.

The reduction-oxiditicon (redox) pctentials versus Standard

n

Hydrocen Electrode (SHE) associated with the macnesium-nyircxide

peroxide system are:

Znode: Mg — Mg~ - 2e’ 2.377 1)
Cathode: HO.” + H,O - 2e- — 30H’ 0.287 '2)
Cell Peaction: Mg + HO,” - HO — Mg® + 30H 3.257 3)

Unfortunately, these thecretical open circuit potentials aze
reduced and the electrnchromical performance irhibited by the

following parasitic reactinns:



Decomposition Reaction: 2 H.O. = 2 HO + o.T - (4)
) Direct Reaction: My + HO. + H.O - Mg + 30H (S)
)}  Precipitation Reactions: Mg~ + 20H — Mg(OH)..s) (6)
4 M3 + CO. — MgCo,(s) (7)

Where s stands for solid iprecipitation)

(1}

The precipitation reactions produce solid magnesium

[

~ hydroxide and magnesium carbonate. The magnesium hydroxide

(5

results from the interacticon of the magnesium cation with the

(¥ ¢)

hydroxyl group produced cduring the reduction cf the catholite,
-2 whereas the magnesium carbcrnate is a result cf the magnesium
interacting with the carkcnates in seawater.

Ze Th

({1

systam 1is limited Zv the producticn cf the precic.zates
2 1in the electrolyte resulting in electroclytic Zlcw tlockaces,

~- increased gassing rates and internal pressure rates with

«n

decreased cell voltages.

(33}

- SUMMLEY OF TEE INVENTION

kccordingly, it is an ckbject of the present inventicn :o

]
.

W

provide an improved magnes:ium semi-fuel cell.

4o

z" It is a further objec:t of the present invention to provide a
2. magnesium semi-fuel cell az above which is a high energy censity

¢z = source for underwater vehizle applications with enersy derzities

2> approaching 6 to 7 times rrat of silver-zinc.

zr The foregoing object: are attained by the semi-fuel cel1l of

<% the present ihvention.
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In accordance with the present invention, the semi-fuel cell
comprises a magnesium ancde, a seawater/cathelyvte electrolivte,
preferably containing acid to solubilize selid vrecipitaies, and
an electrocatalyst composed of palladium and ir:dium catalvzed
onto carbon paper. Tﬁe acid added to the electrolyvte is
preferably selected from the group consisting ¢f sulfuric acid,
hyvdrcchloric acid, phosgpheric acid, acetic acid, and mixtures
thereof.

Other details of the semi-fuel cell of the pre

n
M
3
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invention, as well as other objects and advantages attendant

thereto, are set forth in the following deta:iled descrirticn and

the accompanving drawings.

on carbcn pape
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FIG. 2 1s a graph i:lustrating constant current prcei-lzs for
& magnesium-semi-fuel cell irn accordance witn the presernc

inventicn.

DESCRIPTION OF THE PEEFEPRED EMBCDIMENT(S)

ks previously discuszzd, the present invenzion relates to an

imprcved magnesium semi-fuel cell. The semi-%uel cell cf =re

present invention has & magnesium anode and z zeawater/cathslyte

electrclyte. £An acid is added to the electrclyte to scluzilize

the =zolid precipitates suh as magnesium hydrozide and masresium

O}
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carbonate. The cell alsc has an electrocatalyvst composed of
palladium and iridium catalyzed onto carbon paper, instead of
palladium/iridium catalyzed onto nickel foil or the use of silver
foil which offers greater surface for the reductiocn of the
cathelvte such as hyvdrogen peroxide.

The acid which may be added to the electrolyte include is
preferably selected from the group consisting cof sulfuric acid,
hydrochloric acid, phosphcric acid, acetic acid, and mixtures
therecf. Each acid added to the electrolyte mav be added at a
concentration ranging from 0.01M to 0.1M.

The catholyte portiocn of the electrolyte is preferaz’ly

hydroger peroxide. The elsctrochemical couples wversus SEI for
this svstem are as follows:

Anode: Mg — Mg~ +2e” 2.37 (8)
Cathode: H,O.+2H -2¢" -5 2H.0 1.777 (s)
Cell Reazction: Mg+H,0. -2H — Mg  +2H,0 4.147 (10;

The functioning magnesium-hydrogen peroxide semi-fue. cell
of ' the present invention, zas presiously mentioned,'ié comzzsed of
a magnezium anode and an electrocatalyst of palladium and ridium
catalyz=d on carbon paper ~zapable of reducing the hydroger
perozide catholyte. Power is gensrated on the basis ~f ar
occurrerce of the absve reacrtion at the anode in which mazrnesium

ions are formed and electrons released and the above reac=isn at

5
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reduced. The electrons are transferred from the ancde to the

perform work on a load to vield current. Electrolyte mav be
passed through the cell at any desired flow rate such as ZIC¢
cc/min and may be kept at an elevated temperature such as S53°C.
A useful electrolyte comprises 40 g/L seawater, 0.5 M hydrogen
peroxide, and 0.1 M sulfuric acid in a two liter volume. =2
current density of 25 mA./cm” mayv be applied to the electrode.

The addition of the acid to the seawater electrclvts In the
magnesium semi-fuel cell svstem has been found to prcvicde & great

advantacge, that is an incrsase in theoretical cell -~ciltacs Irom

3.258% ¢ 4.14V A seconc zdvantage of the present ilzveniizn is
an increase in cathodic gcisntial and thus cell voltzazgs whsan
Pd/Ir cn carbon paper is ussd as the electrocatalys:t wersus the
use of a silver foil catalrst. This cathodic voltacgce Incrsase is
alsc cus to the fact tha:z zcid :is introduced into the
seawater/catholyte electrclote tc reduce blcocckace ¢f the rzzction
CO procceed.

FZZ. 1 graphically cdemcnstrates the reascrn for achieving
high 7citages when palladi.m/iridium is catalyzed on a carzzn
paper s:bstrate and teste< under acid/seawater/cathclyte
electrciyte conditions wherzin the electrolyte contains .. M
sulfuri~ acid and 0.5 M hy<rogen peroxide and is at z temgzerature
of S5°C. The cell used ir zhis test had a masnesium anocde znd an
electrciyte flow rate of 275 cc/min. The silver foil

demonstrates cathodic potertials of -0.4Y vs silver/zilver
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chloride (Ag/AgCl) at a current density of 25 mA‘cm’; however,
when the palladium/iridium on carbon paper is tested under the
same conditions the cathodic voltage is increased to +0.4%7 vs
Ag/AgCl. On a cell basis, an increase of 0.8V (800 mV) 1is
expected due to the use of the palladium,iridium carbon e’ectrode
in the acid/seawater/cathcolyvte electrolvte.

FIG. 2 shows a constant current cdischarge profile at IS
mA/cm- when the aforementicned electrochemical system was tested.

Observed were voltages above 2.0V when a carben paper catalvzed

(0]

with palladium/iridium was used in the seawater/acid electrclvte.

[y

Also pictured are the silver fcil results shcwing cell voltages

of 1.25%. A 40% increase .rn cell voltace was cbservzd wizh the

1
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use cf an acidic electroly
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paper cathode.

The other advantages cf the present invention Inclucs; (1)

nigher scltages (>2.0V) &achisvred as a rzsult cI the Intrcioziion

of the hydrogen peroxide/acidi/seawater slectrclyte in ccrn-unction
with the combinaticn of the palladium/iridium carborn paper
electrccatalyst and the magnesium ancds; (2) :tne recducticn <f
cell stack size on avsystem basis; and ‘%) hicher energy
densities approaching 6 - 74 that of silvrer zinc (600 - 777 7Watt

hr/kgm;. A smaller cell ztack capable cf procducing a de

n

level of power is due to the ability te cbtain higher volzzces.

mi
)

T

It is apparent that there has been proviZed in accorZance
with rthe present inventicn s magnesium anode, zeawater/acizi/

~atholyre electrolyte, utilizing a palladium/iridium carbker paper



‘Il

n

O

(8 9]

cathode electrochemical system which fully satisfies the cbjects,

means and advantages set forth hereinbefore. While the present

invention has been described in the context of specific

embodiments thereof, other variations, medificaticons and
alternatives will become apparent to those skilled in the art
after reading the foregoing descripticn. Therefore, it 1is
intended to embrace those variations, medifications, and

alternatives,
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: A MAGNESIUM ANCDE, SEAWATER ACID CATHOLYTE

+ ELECTRODE UTILIZING A PALLADIUM AND IRIDITM

CARBON PAPER CATHODE ELECTROCHEMICAL SYSTEM

5

- ABSTRACT OF THE DISCLOSUKRE

: The present invention relates to an improved magnesium semi-
¢ fuel cell which has a magnesium anode, a seawatar;cathclycs

:2 electrclvte, preferably containing acid to sclubilizs sol:id

.. precipitates, and an electrocatalyst ccocmposed <I pai_acdium and

. iridium catalyzed conto carzcn paper. The acid added tc tns

- electrolyte is preferably selected from the grour censisting of
-2 sulfuric acid, hvdrcchlor:-z acid, phesphoric zcid, acstic 2212,
.2 and mixtures therect.
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